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TO THE EDITOR
Neutrophil gelatinase-associated lipo-
calin (NGAL), a member of the lipocalin
family proteins, was originally identified
as a 25-kDa protein that is covalently
associated with the 92-kDa neutrophil
gelatinase (gelatinase B, matrix metallo-
proteinase-9) (Kjeldsen et al., 1993;
Bundgaard et al., 1994). Crystallo-
graphic analysis shows that the ligands
of NGAL are a variety of bacterial ferric
siderophores, which transport iron to
bacteria (Goetz et al., 2002). By taking
the iron away from bacteria, NGAL acts
as a potent bacteriostatic agent under
iron-limiting conditions (Flo et al.,
2004). In addition, NGAL delivers iron
to kidney cells, where it activates or
represses iron-responsive genes, thereby
playing an important role in mesench-
ymal–epithelial transition during the
development of the mammalian ne-
phron (Yang et al., 2002).
We previously performed suppres-
sion subtractive hybridization to identi-
fy the genes related to keratinocyte
differentiation, and found that NGAL
was markedly induced by calcium in
normal human epidermal keratinocytes
cultured in vitro (Seo et al., 2004). To
localize NGAL expression in the skin,
we performed in situ hybridization. All
skin samples were obtained with the
written informed consent of donors, in
accordance with the ethical committee
approval process of Chungnam Na-
tional University Hospital. The study
was conducted according to the De-
claration of Helsinki Principles. As
shown in Figure 1a, the expression of
NGAL, however, was not detected in
normal skin tissue, inconsistent with
Northern data from calcium-induced
keratinocyte differentiation in vitro
(Seo et al., 2004). In contrast, the
expression of NGAL was markedly
increased at the upper granular layer
of a psoriatic lesion, a prototype disease
of disturbed keratinocyte differentia-
tion. Particularly, the increased NGAL
expression was restricted to the in-
volved skin only, and there was no
detectable signal in the uninvolved skin
of psoriatic patients (Figure 1a, lower
panel). Interestingly, NGAL expression
was also detected in the inner root
sheath of a hair follicle residing in the
uninvolved portion of psoriatic skin
(Figure 1a, open arrow), well matched
to the result of Mallbris et al. (2002).
Furthermore, we found that NGAL
expression was increased in the infun-
dibulum of a hair follicle (Figure 1a,
closed arrow), suggesting that it has a
potential role in the interface between
organism and environment. Immuno-
histochemical staining also showed that
NGAL was rarely detectable in normal
skin, but highly increased in psoriatic
lesions (Figure 1b). As it has been
suggested that NGAL expression may
be related to dysregulated keratinocyte
differentiation (Mallbris et al., 2002),
we further examined whether NGAL
was expressed in atopic dermatitis,
another skin disease showing abnormal
keratinocyte differentiation. However,
there was no increased expression of
NGAL in atopic dermatitis (Figure 1b).
RT-PCR and Western blot analyses
repeatedly confirmed that NGAL ex-
pression was increased in psoriatic
lesions at both the transcriptional and
translational levels, but not in normal
and atopic dermatitis skins (Figure 1c).
Evidence indicates that lipopolysac-
charide, a well-known pathogen-asso-
ciated molecular pattern, induces
NGAL secretion in macrophages cul-
tured in vitro as well as in blood and
peritoneal cells in vivo (Flo et al., 2004).
This finding led us to assess whether the
bacterial cell wall components could
induce the expression of NGAL in
epithelial cells. To this end, cultured
normal human epidermal keratinocytes
were exposed to the cell wall compo-
nents of Gram-negative (lipopolysacchar-
ide) and Gram-positive (lipoteichoic acid
and peptidoglycan) bacteria. RT-PCR
analysis clearly showed that all bacterial
cell wall components increase NGAL
mRNA level in cultured keratinocytes
(Figure 2a). Immunocytochemistry ana-
lysis also confirmed that NGAL expres-
sion was markedly increased by several
pathogen-associated molecular patterns
(Figure 2b).
Although we originally isolated
NGAL as a calcium-induced gene in
normal human epidermal keratinocytes
cultured in vitro (Seo et al., 2004), the
expression of NGAL in normal skin
tissue was not detected by in situ
hybridization and immunohistochemis-
try analyses, except for the inner root
sheath and infundibulum of the hair
follicle. These results reveal that the
status of keratinocytes is somewhat
different between in vivo and in vitro
conditions, suggesting substantial
changes in gene expression and/or
alteration of a cell’s responses to extra-
cellular stimuli. Interestingly, the ex-
pression pattern of several genes is very
similar to that of NGAL, showing a
difference between in vivo and in vitro
conditions. For instance, a well-known
psoriasis marker S100A7 (psoriasin)
appears to have limited expression in
normal tissue and a marked increase in
cultured keratinocytes by calcium treat-
ment (Martinsson et al., 2005). Another
example includes human keratinocyte
proline-rich protein, which shows re-
markable induction in psoriatic lesions
and cultured keratinocytes, however
modest the expression in normal skin
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Abbreviation: NGAL, neutrophil gelatinase-associated lipocalin
(Lee et al., 2005). Based on these
results, we speculate that cultured
keratinocytes reflect somehow the char-
acteristics of psoriasis, in terms of gene
expression similarity. The precise char-
acterization of cell status between in
vivo and in vitro conditions will be an
interesting further study.
It has been demonstrated that NGAL
is expressed in a variety of normal and
pathological human tissues, including
the stomach, liver, kidney and colon
(Cowland and Borregaard, 1997; Friedl
et al., 1999). Furthermore, NGAL is
expressed in most tissues normally
exposed to microorganisms and its
synthesis is induced in epithelial cells
during inflammation, indicating either a
microbicidal activity of NGAL or a role
in the regulation of inflammation
(Kjeldsen et al., 2000). This is supported
by the finding that NGAL tightly binds
bacterial catecholate-type ferric side-
rophores and is a potent bacteriostatic
agent in iron-limiting conditions; se-
creted NGAL limits bacterial growth by
sequestrating the iron-laden sidero-
phore (Goetz et al., 2002; Flo et al.,
2004). In our study, NGAL expression
in cultured skin keratinocytes was con-
vincingly increased by several bacterial
cell wall components of Gram-negative
(lipopolysaccharide) and Gram-positive
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Figure 1. Expression of NGAL in skin epidermis. (a) In situ hybridization. Sections (14mm) of human normal skin and psoriatic lesions were hybridized with
NGAL riboprobes. The NGAL-specific hybridization signals are strongly detected in the granular layer of the epidermis of psoriatic skin. In the hair follicle (lower
panel, uninvolved region), NGAL is expressed at the inner root sheath (open arrow) and infundibulum (closed arrow). All experiments were performed with at
least three different skin specimens with similar results. (b) Immunohistochemistry. Paraffin-embedded tissue sections of skin specimens were stained with anti-
NGAL antibody. Strong expression of NGAL is seen in the upper granular layer of psoriatic epidermis, but not in normal and atopic dermatitis. (c) Upper panel:
RT-PCR analysis of NGAL expression in normal, atopic dermatitis and psoriasis skin tissues. Two micrograms of total RNAs extracted from the skin specimens
were reverse transcribed with M-MLV reverse transcriptase and used for PCR amplification. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as
an internal control. Lower panel: Western blot analysis. Proteins extracted from skin specimens were separated on duplicate 15% polyacrylamide gels, and
transferred onto nitrocellulose membranes. Each membrane was reacted with anti-NGAL antibody, and antiactin antibody as a loading control, respectively. All
experiments were performed with at least three different skin specimens with similar results. Data are represented as the mean7standard error of mean (SEM)
(*Po0.01 vs normal control). N: normal; A: atopy; P: psoriasis.
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Figure 2. Induction of NGAL expression by bacterial cell wall components. (a) RT-PCR analysis.
Normal human epidermal keratinocytes were treated with 10mg/ml lipopolysaccharide (LPS), 10 mg/ml
lipoteichoic acid (LTA), and 10mg/ml peptidoglycan (PGN) for 24 h. Calcium (1.2 mM) was included as a
positive control. Two micrograms of total RNAs were reverse transcribed with M-MLV reverse
transcriptase and used for PCR amplification. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was
used as an internal control. The lower panel shows the result of triplicate measurements (mean
values7standard error of mean (SEM), *Po0.01 vs control). (b) Immunocytochemistry. Cells were
cultured on coverslips. After fixation and permeabilization, cells were stained with anti-NGAL antibody.
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(lipoteichoic acid and peptidoglycan)
bacteria, raising the possibility that
NGAL may have a broad-spectrum
antimicrobial property and participate
in the protection of skin against infec-
tion. This notion is partly supported by
the fact that NGAL expression was
increased in the involved psoriatic
lesion, but not in atopic dermatitis;
atopic dermatitis patients, in general,
are more vulnerable to skin infection
than psoriasis patients. The pattern of
NGAL expression is in this respect
similar to the expression of another
antimicrobial protein hCAP-18 (Ong
et al., 2002).
Another interesting finding that sup-
ports the putative role of NGAL as a
guardian for skin infection is the loca-
lization of NGAL expression in normal
skin tissue. Consistent with the result of
Mallbris et al. (2002), we found that
NGAL expression is restricted to the
hair follicle compartments in normal
tissue (uninvolved portion of psoriasis
in Figure 1a, lower panel), especially in
the inner root sheath and infundibulum.
As the infundibulum is the opening
interface between organism and envir-
onment, we speculate that potent bac-
teriostatic agents are expressed in this
site for effective protection of skin
infection. The precise protective role
of NGAL in skin epidermis, however,
should be investigated further.
Overall, we showed the distinct
expression pattern of NGAL in skin
epidermis, suggesting that NGAL may
have multifunctional roles in the main-
tenance of skin homeostasis.
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